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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a medical-application device, drugs, sanitary goods, 
and the electron beam irradiation equipment that irradiates an electron beam for the purpose of 
sterilization to food etc. further. 
[0002] 

[Description of the Prior Art] Generally, sterilization of a medical-application device, drugs, etc. is 
performed by the chemical treatment by steamy heat-treatment, ethylene oxide gas, etc., exposure 
processing of a gamma ray, electron beam exposure processing, etc. However, steamy heat-treatment 
has the problem that a heat-resistant facility is needed, the top where there is little 1 time of throughput 
to a sterilized object, and it is inefficient. The chemical treatment by ethyleneoxide etc. has a large 
problem on environmental sanitation. Moreover, when gamma ray exposure processing needs a very 
large-scale perfect electric shielding facility, abandonment processing of the source of a used exposure 
becomes a problem. On the other hand, electron beam exposure processing has few problems which 
were mentioned above, and has the advantage which can process a lot of sterilized objects efficiently. 
[0003] In sterilization by the exposure of an electron beam, when a sterilized object is the configuration 
which has a c ertain amount of thickness , the absorption and attenuation of an electron beam which were 
irradiated within the sterilized object arise. For this reason, it is common to sterilize by irradiating an 
electron beam from both sides to the sterilized object which has a certain amount of thickness. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the problem about the configuration of a sterilized 
object exists in an electron beam exposure. When a sterilized object has a rectangular cross-se.ctio n 
configura^ the electron beam irradiated from both sides shows analmost 

urtffomT3c^ location where directions perpendicular to the direction of radiation of - 

an electron beam differ. However, when the^pss^qtion^Qf a sterilized object is circular, the location 
from the core in an irradiated object differs in the dosage of the electron beam irradiated greatly from the 
location from the circumference, for example. That is, in the location from a core, in order for the 
irradiated electron beam to pass a sterilized object over a long distance and to reach near [ circular ] a 
center, a bsorption and attenuation of ^el ectron beam produce the interior in the meantime, and the 
dosage of the electron beam which arrives at a center section does not become large. On the other hand, 
in the location from the circular circumference, since the distance in which the irradiated electron beam 
passes through the interior of a sterilizedlJBject is short, absorption and attenuation of an electron beam 
are small, and the dosage of the electron beam which reaches as a result becomes large. Thus^whenthe 
cross-section configuration of a sterilized objecUs,except a rectangle, the dose distribution ofthe 
electron beam irradiated serves as ^Mmnformity . " 

[0005] In such a case, if the reinforcemenfof the electron beam to irradiate is adjusted so that the 
thicknessof a cross-section configuration may become the the best for a small part (for example, near 
the circunffefence : of a circular cross section), sterilizing [ of the location near the center of a sterilized 
object ] will become inadequate. On the other hand, when the reinforcement of an electron beam is 
adjusted so that it may become the the best for a part with large thickness (for example, near the center 
of a circular cross section), quantity of radiation becomes excessive in a part with the small thickness of 
a sterilized object, and there is a possibility that degradation of an ingredient may arise. Moreover, since 
excessive dosage will be irradiated partially, the exposure power efficiency of an electron beam also gets 
worse. 

[0006] This invention is made in view of the above point, and it aims at offering the electron beam 
irradiation equipment which can irradiate an electron beam to homogeneity to a sterilized object, 
without being influenced by the configuration. 
[0007] 

[Means for Solving the Problem] According to invention according to claim 1, in electron beam 
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irradiation equipment, it has the dosage regulator arranged between the source of an electron beam, and 
said source of an electron beam and irradiated object. Said dosage regulator In all the points of said 
irradiated object in a direction perpendicular to the direction of radiation of said electron beam It is 
constituted so that the absorbed-fraction value which shows the rate of the absorption at the time of said 
electron beam passing may become fixed. Said absorbed-fraction value If distance in which said 
electron beam passes through the inside of P2 and said irradiated object the mean density of the 
ingredient which constitutes XI and said irradiated object for the distance in which said electron beam 
passes through the inside of PI and said dosage regulator the mean density of the ingredient which 
constitutes said dosage regulator is set to X2 It is characterized by what is shown by PlxXl+P2xX2. 
[0008] According to invention constituted as mentioned above, after the electron beam which the source 
of an electron beam discharged passes a dosage regulator, it is irradiated by the irradiated object. Here, 
in all the points of the irradiated object in a direction perpendicular to the direction of radiation of an 
electron beam, the dosage regulator is constituted so that the absorbed-fraction value which shows the 
rate of the absorption at the time of said electron beam passing may become fixed. This will be realized 
by considering as absorbed-fraction value =PlxXl+P2xX2= regularity (ideal value), if distance in which 
said electron beam passes through the inside of P2 and said irradiated object the mean density of the 
ingredient which constitutes XI and said irradiated object for the distance in which said electron beam 
passes through the inside of PI and said dosage regulator the mean density of the ingredient which 
constitutes said dosage regulator is set to X2. Therefore, in each point of an irradiated object, since the 
sum total of the dosage absorbed by the dosage regulator and the dosage absorbed with an irradiated 
object becomes fixed, the electron beam of uniform dosage is irradiated by the irradiated object 
irrespective of the configuration. 

[0009] In electron beam irradiation equipment according to claim 1, said dos^jegulator is fixed to 
saidLso^ invention according to claim 2, and said electron beam "irradiation \L 

equipment is characterized by having a means to position said irradiated object Jo.said dosage regulator ^ 
rurther. Thereby, dosage can be adjusted to homogeneity also to the irradiated object in a conveyance 

[0010] Invention according to claim 3 is characterized by equipping said dosage regulator with the path 
of a cooling medium in electron beam irradiation equipment according to claim 1 or 2. Thereby, heating 
of a dosage regulator is prevented. 

[001 1] It is characterized by invention according to claim 4 having the internal configuration where said 
dosage regulator suited the configuration of said irradiated object, in electron beam irradiation 
equipment according to claim 1 to 3. Thereby, adjustment of the quantity of radiation to an irradiated 
object becomes easy. 

[0012] Invention according to claim 5 has the internal configuration where said dosage regulator suited 
the configuration of said irradiated object, in electron beam irradiation equipment according to claim 1, 
and it is characterized by holding said irradiated object in the interior. Since an irradiated object and 
dosage adjustment term can be combined and it can consider as one by this, a demand of the positioning 
accuracy in the case of the exposure of an electron beam can be eased. 

[0013] Invention according to claim 6 is characterized by said source of an electron beam irradiating 
said electron beam to both sides of said irradiated object in electron beam irradiation equipment 
according to claim 1 . An electron beam can be irradiated efficiently and certainly to the irradiated object 
which has a certain amount of thickness by this. 
[0014] 

[Embodiment of the Invention] First, in advance of explanation of a suitable operation gestalt, the 
relation of the reinforcement of an electron beam and the configuration of an irradiated object (sterilized 
object) which are irradiated for sterilization is considered. 

[001 5] The cross section of the irradiated object of the shape of a cylindrical shape which becomes \ 
drawing 1 from the matter of the diameter of 6cm and specific gravity 1 as an example is shown. In the \ 
example of drawing 1 , an electron be£gnrin5aia^ an irradiated object. The 

exposure location A is made into the diameter location of a circular cross section, and decides the J 
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exposure locations B and C to be the circumference twists of a circular cross section. In the exposure 
location B, die length to which an electron beam passes through the inside of an irradiated object is set 
to 4cm, and die length to which an electron beam passes through the inside of an irradiated object is set 
to 2cm in the exposure location C. 

[0016] Distribution of the dosage within the irradiated object at the time of irradiating an electron beam 
in each exposure location A-C at drawing 2 is shown. Drawing 2 (A) In - (C), an axis of ordinate shows 
the amount of phase twisted pair lines of an electron beam, and makes 100% dosage needed for the 
purpose of sterilization. An axis of abscissa writes specific gravity as 1, and shows the location in an 
irradiated object. Although the electron beam is irradiated from right and left as shown in drawing 1 , the 
figure which shows the location of an axis of abscissa shows only the location from left-hand side for 
convenience. Drawing 2 (A) In - (C), the properties 50, 53, and 56 of a wavy line show the dosage of the 
electron beam from left-hand side, and the properties 51, 54, and 57 of a wavy line show the dosage of 
the electron beam from right-hand side. The properties 52, 55, and 58 of a continuous line show the ** 
(sum total) dosage of the electron beam from right and left. 

[0017] Drawing 2 (A) In this example, as for an electron beam, dosage serves as max the depth 2 of an 
irradiated object - near 3cm so that - (C) may show. Therefore, in the case of the exposure location A 
shown in drawing 2 (A), a total dose reaches to 210% in the near [ a center ] location of an irradiated 
object with a lateral width of face of 6cm. Moreover, in the case of the exposure location B shown in 
drawing 2 (B), the peak value of a total dose reaches also to 245%, and a total dose reaches to 160% also 
near the edge of an irradiated object. Furthermore, in the case of the exposure location C shown in 
drawing 2 (C), a total dose reaches to 220% by the whole irradiated object mostly. Thus, a dose 
distribution changes greatly with configurations of an irradiated object. 

[0018] On the other hand, drawing 3 shows a dose distribution when the cross-section configuration 
which consists of the same matter irradiates an electron beam from right and left to an irradiated object 
with a thickness of 8cm (ideal value) with a rectangle. In a property 60, the dosage of the electron beam 
from right-hand side and 61 show the dosage of the electron beam from left-hand side, and 62 shows a 
total dose. Since the exposure of the dosage more than need dosage is performed also in which location 
of an irradiated object, sufficient sterilization effectiveness is acquired. Moreover, the maximum of a 
total dose is about 126%, since it is stopped by 20% increase extent of need dosage, the problem of 
ingredient degradation of an irradiated object is hardly produced, but the ideal dose distribution is 
acquired. 

[0019] Absorption and the magnitude of attenuation of the electron beam within an irradiated object are 
estimated by the consistency of the irradiated object which an electron beam passes, and the passing 
product (it is hereafter called an "absorbed-fraction value' 1 .) of distance. Therefore, in order to irradiate 
uniform dosage to an irradiated object, it is necessary to perform an electron beam exposure to an 
irradiated object so that this absorbed-fraction value may become fixed. In the above-mentioned 
example, since it was a premise that the consistency of an irradiated object is uniform, when making the 
irradiation range (depth) of an electron beam into homogeneity, quantity of radiation became 
homogeneity. 

[0020] Then, the gestalt of suitable operation of this invention is explained. In this invention, the dosage 
regulator (dosage regulator) for adjusting the above-mentioned absorbed-fraction value so that it may 
become uniform to an irradiated object is introduced. Drawing 4 (A) is the sectional view showing the 
relation of the dialyzer 15 as the dosage regulator 10 and an example of an irradiated object. A dialyzer 
15 is a medical-application instrument used for cylindrical shape-like dialysis etc., and th ere aresome in 
which water is contained in the interior. Moreover, the dosage regulator 10 is hollow andls put into the 
cooling water Tl as a coolmgmgdium in the internal cavity 1 1. In addition, cooling media other than 
water are also usable. For example, the same thing as the liquid used by the irradiated object can also be. 
used as a cooling medium. 

[0021] The ingredient which constitutes the dosage regulator 10 has the desirable matter which needs to 
have the reinforcement which does not deteriorate by electron beam exposure, and has a consistency ^- 
almost equivalent to an irradi ated object Especially a suitable example is aluminum. In the example of 
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drawing 4 (A), hollow structure was formed with the thin aluminum plate, and the interior is cooled with 
the cooling medium. 

[0022] Moreover, the dosage regulator 10 equips a dialyzer 15 and the field of the side which counters 
with the impression 12 of the shape of a cylindrical shape of a dialyzer, and the shape of a suiting 
cylinder wall. An electron beam is irradiated from the dialyzer 15 and reverse side of the dosage 
regulator 10, and a dialyzer 15 is sterilized. The dosage regulator 10 is formed in a configuration from 
which the absorbed-fraction value of the electron beam mentioned above becomes uniform irrespective 
of the configuration of a dialyzer 15. Namely, as shown in drawing 4 (A), mean density of the ingredient 
which forms the dosage regulator 10 is specifically set to PI. If mean density of a dialyzer 15 is set to 
P2, the die length (thickness) of the dosage regulator in alignment with the direction of radiation of an 
electron beam is set to XI and the die length (thickness) of the dialyzer 15 in alignment with the 
direction of radiation of an electron beam is set to X2 The dosage regulator 1 is formed so that relation 
called PI, X1+P2, and X2= constant value (ideal value) may be maintained to each location of an 
irradiated object. Constant value is an absorbed-fraction value corresponding to suitable dosage required 
for sterilization here, and it depends for a concrete numeric value on the reinforcement of the electron 
beam to irradiate, the dimension of ah irradiated object, etc. Considering only the exposure from one 
side, in the example shown in drawing 4 (A), it is above-mentioned constant value =1 g/cm3x4cm=4 
g/cm2. 

[0023] The outline configuration of the electron beam irradiation equipment which adopts a dosage 
regulator as drawing 5 is shown. The dosage regulator 10 is attached in the window 21 of the lower part 
of an electron beam tube 20 in drawing 5 . A window 21 is the outlet of an electron beam. A dialyzer 15 
is arranged under the dosage regulator 10. As a dialyzer 15 is shown in drawing 4 (A), positioning is 
correctly made so that each may counter each impression 12 of the dosage regulator 10. Moreover, the 
cooling medium is contained in the cavity 1 1 inside the dosage regulator 10. In addition, a dialyzer is 
conveyed by the conveyance means which is not illustrated [ conveyor ], and is positioned. Where a 
dialyzer 15 is correctly positioned to the impression 12 of the dosage regulator 10, an electron beam tube 
20 discharges an electron beam. The discharged electron beam passes through the inside of the dosage 
regulator 10, and is irradiated by the dialyzer 15. Since the configuration of the dosage regulator 10 is 
formed as mentioned above at this time so that an absorbed-fraction value may become fixed to each 
location of a dialyzer 15, in all the locations of a direction perpendicular to the direction of the electron 
beam of a dialyzer 15, absorption and the magnitude of attenuation of an electron beam will become 
equal, and the exposure of uniform dosage will be made. In addition, since it can be considered that the 
absorption and attenuation of an electron beam by the passage in air are zero, in order to hold a dialyzer 
15 in the impression 12 where the dosage regulator 10 corresponds, it is not necessary to move to the 
upper part in drawing 4 . This simplifies the conveyance means of a dialyzer 15 and raises working 
efficiency. 

[0024] In addition, in fact, lot preparation of the dialyzer 15 is already carried out caudad, and the 
electron beam tube 20 and the dosage regulator 21 which are shown in drawing 5 carry out the double- 
sided exposure of the electron beam from the upper and lower sides. 

[0025] The modification of the dosage regulator 10 is shown in drawing 4 (B). In this example, the 
dosage regulator 10 is constituted from ingredients, such as aluminum, in a solid, and the cooling water 
hole 13 for passing cooling water is formed. According to this modification, the need of forming hollow 
structure is lost that what is necessary is just to become depressed into ingredients, such as aluminum, 
and to form 12 and the cooling water hole 13. 

[0026] Other operation gestalten of a dosage regulator are shown in drawing 6 . Drawing 6 (A) is the 
side elevation of the dosage regulator 10 when holding a dialyzer 15, and drawing 6 (B) is the 
perspective view. The dosagejegula^^^ of an electron beam tube 20 in 

the electron beam irradiation equipment explained with reference to" drawing 4 and 5, and the dialyzer 
15 is positioned to each impression 12 of the dosage regulator 10. On the other hand, the dosage 
regulator 10 which has the internal configuration which suits the configuration of an irradiated object is 
prepared, it combines with a dialyzer 15 beforehand, and the irradiated object of one consists of 
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operation gestalten shown in drawing 6 . In this way, the acquired irradiated object is conveyed with 
conveyance means, such as a conveyor, and it sterilizes by irradiating an electron beam from the upper 
and lower sides on the way. Since Sra3iated objects, such as a dialyzer, and the dosage regulator which 
suits correctly can be formed according to this approach, the quantity-of-radiation distribution over an 
irradiated object can be adjusted to homogeneity still more correctly. Moreover, positioning accuracy of 
the irradiated object in the conveyance direction on a conveyance means can be made loose compared 
with the case of the operation gestalt shown in drawing 4 and 5. 

[0027] In addition, it is desirable to also constitute the dosage regulator 10 shown in drawing 6 with the 
matl^M^ch has a consistency almost equivalent to an irradiated object. For example, it can consider as 
the hollow structure or solid aluiruniim By tMfTaluminum. In the case of hollow structure, th e same 
liquid and thej^erj^ the interior by^ in. 

[00 T 28piTa5dition, in the above-mentioned^pefatibn gestalt, although the case where an irradiated 
object was a cylindrical shape was illustrated, application of this invention is not restricted to this. That 
is, a cross-section configuration can apply this invention to the irradiated object which are polygons 
other than 4 square shapes, and length and a longitudinal direction similarly to the irradiated object of 
the configuration which has complicated irregularity. 
[0029] 

[Effect of the Invention] As explained above, according to this invention, quantity of radiation of the 
electron beam given to an irradiated object can be made into homogeneity by using the dosage regulator 
created in consideration of the configuration^^ the consistency of an ingredient, etc. 



[Translation done.] 
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